Purpose:
The collagen network has a unique organization in articular cartilage. The most common ways to characterize the collagen network orientation are polarized light microscopy (PLM) and electron microscopy techniques. However, these techniques are limited to the study of thin sections or tissue surfaces. Here, we present an analysis method for micro-computed tomography (micro-CT) data to evaluate the microstructural orientation of dehydrated articular cartilage samples in 3D using structure tensor analysis. Methods: Cylindrical osteochondral samples (n ¼ 6, diameter 4 mm) were prepared from tibial plateaus of human cadavers (N ¼ 3) and of patients who underwent total knee replacement surgery (N ¼ 3). The samples were split in half, and then fixed in formaldehyde. One half was subjected for standard histological sectioning protocol, while the second half was dehydrated in ascending ethanol series and treated with hexamethyldisilazane (HMDS). Subsequently, the second half was dried in room temperature overnight and imaged using desktop mCT (SkyScan 1272, Bruker microCT, Kontich, Belgium; 40kV, 250 mA, 3600 projections, 5 frames/projection, 1815 ms/frame, isotropic voxel size 1.6 mm, no additional filtration). The data was reconstructed using NRecon software (v 1.6.10.4). Structure tensor analysis was applied to the micro-CT data (volume-ofinterest: 500 mm x 500 mm x cartilage depth) in 2D (i.e. x-z plane) and in 3D to determine the extracellular matrix orientation in articular cartilage. Eigen analysis was applied to the structure tensors in each voxel, and the eigen-vector with the smallest eigenvalue (i.e. the smallest gradient) was set as the direction of the extracellular matrix. Depthdependent elevation angle (elevation from the x-y plane) profiles were calculated by averaging the elevation angles of the direction vectors in x-y plane. The histological sections (thickness 5 mm) were imaged with PLM (Abrio PLM system, CRi, Inc., Woburn, MA, USA) to obtain a reference for the collagen network orientation. The micro-CT-based and PLM depth-dependent profiles were rescaled to 200 pixels and compared to each other with Pearson's correlation analysis. Data analyses were conducted using MATLAB (v 8.5, Natick, MA, USA). Results: Figure 1 shows representative images of single micro-CT slice, and the elevation angles obtained using structure tensor methods and PLM. When the structure tensor analysis was conducted in 2D, the average elevation angle in the surface layer (1e10% of the thickness) was 41 ± 4 degrees (with respect to the cartilage surface) and gradually changed to 61 ± 5 degrees in the deep layer (40e100% of the thickness) (Figure 2A ). The mean correlation (± standard deviation) between the depth-dependent profiles obtained using 2D structure tensor analysis and PLM was r ¼ 0.82 ± 0.08. The elevation angles obtained using 3D structure tensor analysis are presented in Figure 2B . The average elevation angle obtained using 3D structure tensor analysis was 29 ± 4 degrees at the surface layer and gradually changed to 47 ± 3 degrees in the deep layer. The mean correlation between the depth-dependent profiles obtained using 3D structure tensor analysis and PLM was r ¼ 0.87 ± 0.05. Conclusions: The natural contrast of dehydrated articular cartilage obtained using micro-CT imaging was utilized to reveal 3D structural information of extracellular matrix. The presented micro-CT analysis approach is fully based on image texture analysis, which evaluates the orientations of structures from the grayscale differences between the neighboring voxels. On the other hand, PLM gives direct information on the collagen network orientation. Therefore, it is not surprising that the techniques are not in absolute agreement. Nevertheless, the shapes of the depth-dependent elevation angle profiles obtained using micro-CT analysis and PLM are very similar, as indicated by the high correlation coefficients (r > 0.8) between the profiles of adjacent blocks. The main advantage of the presented method over PLM is its ability to study larger tissue volumes in 3D, while PLM is limited to the study of thin tissue sections in 2D and collagen orientation only in that plane. Based on the findings of this study, we suggest that micro-CT imaging of HMDS-dehydrated articular cartilage samples can be used to obtain information on the orientation of extracellular matrix.
FEMORAL BOWING SIGNIFICANTLY CORRELATES WITH BONE MINERAL DENSITY AND AGE e THREE DIMENSIONAL ANALYSIS USING COMPUTED TOMOGRAPHY
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y Keio Univ., Tokyo, Japan; z SaiseikaiYokohamashi Nanbu Hosp., Yokohama, Japan Purpose: Anatomically the femoral bone has the bowing. Conventionally, femoral bowing has been evaluated using two dimensional radiography, which involves measurement error due to malposition of the legs. Two dimensional analysis limits precise evaluation of femoral bowing, since the femoral bone has sagittal and coronal bowing. Precise analysis of the femoral bowing is clinically important in surgical planning of orthopedic surgeries such as total knee arthroplasty. Purpose of this study was to evaluate 3D femoral bowing using computed tomography (CT) images, and investigate the factor which correlates with degrees of femoral bowing. Methods: Femoral CT images of 225 patients (56 men, mean age 63.2, and 169 women, mean age 74.1) were enrolled in this study. Primary Figure 1 . A) A 2D slice from micro-CT imaging of HMDS-dehydrated articular cartilage sample. B) Elevation angles (from x-y plane) for a single slice obtained using 2D structure tensor and C) 3D structure tensor analysis of micro-CT data. D) Elevation angles obtained using PLM (from the adjacent sample block). Black color in subplots B and C represent pixels that have been filtered out due to low contrast in the data. Figure 2 . Depth-dependent average elevation angles as a function of normalized cartilage thickness obtained using PLM in 2D (red) and using structure tensor analysis A) in 2D (black) and B) in 3D (black). The shaded areas represent the standard deviations in the sample set.
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